Summary. The 
Introduction
Zona antibody inhibits the fertilization of eggs in vitro and in vivo in several mammals (see the review of Aitken et al, 1981) . The effect is mainly due to the secondary steric effect of antibody, at least in the mouse and hamster, rather than to blockage of the specific sperm receptor (Tsunoda, Sugie, Mori, Isojima & Koyama, 1981; Ahuja & Tzartos, 1981) . Anti-ovary serum containing a specific antibody against the zona pellucida almost completely prevented shedding of the zona in vitro in the mouse (Shivers, 1974) , and prevented implantation in the hamster after transfer of embryos previously treated with anti-ovary serum (Dudkiewicz, Noske & Shivers, 1975) . Tsunoda & Chang (1978) reported that the treatment of 8-celled mouse embryos with anti-egg or anti-zona serum slightly inhibited zona shedding in vitro. So far as we know, whole serum containing antibody or antibody activity to the zona was used in all these studies. Such antisera will be contaminated by other proteins. The present study was undertaken to examine whether purified antibody to isolated zonae pellucidae could inhibit development of mouse embryos in vitro and in vivo in the mouse.
Materials and Methods
Preparation and purification of antiserum Two different antisera to mouse zonae pellucidae were produced in rabbits, one to mechanically isolated zonae ('anti-zona serum M') and the other to detergent-solubilized zonae ('anti-zona serum S')· The procedures for obtaining anti-zona serum M have been described elsewhere (Tsunoda & Sugie, 1977) . To produce anti-zona serum S, 15 000 zonae pellucidae were obtained from 500 ddY strain mice (a closed colony, Matsumoto Co., Japan) induced to superovulate by the procedures reported previously (Tsunoda & Sugie, 1977) . Isolated zonae were solubilized by incubation at 60°C for 60 min in 70 mM-Na2S03, 1% sodium dodecylsulphate SDS and 0-04 mM-CuS04 in phosphate-buffered saline (pH 7-2) according to the methods of Dunbar & Raynor (1980 (Tsunoda, Sugie & Mori, 1979) were pooled and used in the present study. Control sera were (1) preimmune rabbit serum ('normal serum') and (2) serum from rabbits that had received freeze-dried extracts of mouse liver and kidney solubilized with the same detergents and administered with the same adjuvants that were used for the zonae ('anti-liver + kidney serum').
A crude -globulin fraction was obtained by saturating ammonium sulphate precipitation from antisera and control sera. The resulting precipitates were dissolved in 0-0175 M-phosphate buffer at pH 6-3 and dialysed against phosphate buffer for 24 h at 4°C. An IgG fraction was prepared from the crude -globulin by DEAE cellulose chromatography by the procedures of Sober & Peterson (1958) and checked by immunoelectrophoresis against goat antisera to rabbit serum and IgG. Both anti-zona sera completely inhibited the fertilization of eggs in vitro (at a concentration of 0-4 mg/ml) and in vivo (after passive immunization with 0-4-0-5 mg per mouse (Tsunoda et al, 1981 ;  (Tsunoda, Makino, Iritani & Nishikawa, 1977 
As shown in Table 2 , the treatment of 8-celled embryos with anti-zona serum M or S IgG had no adverse effect on zona shedding or on the attachment of the blastocysts to the dish in any of the 4 strains. A strong precipitate was observed on the outer surface of the zona pellucida of embryos treated with both the anti-zona IgGs during development and after shedding, but not on the zona of eggs treated with normal serum and anti-liver + kidney serum IgG.
The results summarized in Table 3 show that zona antibody did not inhibit implantation in vivo. The proportion of females pregnant, the numbers of implantations and live fetuses, and the Glass & Hanson (1974) and Shivers (1974) reported that anti-egg (with cumulus cells) or anti-ovary serum inhibited the development of embryos and completely prevented shedding of the zona pellucida in culture. A previous investigation (Tsunoda & Chang, 1978) suggested that these drastic inhibitory effects might be due to contaminating antibodies against egg or ovarian components other than zonae pellucidae. In our previous study (Tsunoda & Chang, 1978) , treatment of 8-celled embryos with whole antiserum to isolated zonae slightly but significantly inhibited attachment of blastocysts to the dish. The discrepancies between the previous (Tsunoda & Chang, 1978) and the present study may be due to the differences in preparation of the antiserum used for the treatment of embryos. The present study also shows that treatment of 8-celled embryos with zona antibody did not inhibit implantation and development in vivo after transfer of the treated embryos to recipients. Dudkiewicz et al (1975) reported that treating embryos before transfer with zona-precipitating antibody (anti-ovary serum absorbed with small intestine) inhibited implantation in the hamster. This discrepancy may be due to species differences, or to the differences in antigens used for antiserum production. Dudkiewicz et al (1975) also observed a particularly low implantation rate in the control hamsters. In the present study, the treatment of embryos with anti-mouse liver + kidney serum IgG did not significantly reduce the implantation rate after transfer compared with that obtained after transfer of embryos treated with normal serum IgG, but did increase embryonic mortality after implantation. No increase in embryonic mortality was observed in the group treated with anti-zona serum IgG.
These results demonstrate that zona antibody does not influence the development, zona shedding and attachment of mouse embryos in vitro, nor their implantation, sex ratio and post-implantation development in utero. Although we have not examined precisely the kinetics of elution of antibody in culture, a heavy precipitate was clearly observed on the zonae of eggs throughout development. The effects of the duration of incubation in antibody and on females actively immunized with zonae of their own or a different species need to be studied.
